Objective: To report the financial impact of diagnosing and treating the dermatologic toxicities (dTs) that develop in patients receiving targeted anticancer therapies.
T ARGETED AGENTS THAT IN-
hibit tumors from growing and metastasizing 1 affect the function of cells in the skin and appendages because the epidermal growth factor receptor (EGFR) is also expressed by basal keratinocytes, sebocytes, the outer layer of the hair follicle, and some endothelial cells, 2 thus leading to dermatologic toxicities (dTs). 3 These toxic effects are the most common adverse effects of EGFR inhibitor therapy [4] [5] [6] [7] and occur in more than 90% of patients. 8 They include papulopustular eruption/acneiform eruption (45%-100% of patients), alopecia (14%-21%), erythema (12%-18%), periungual inflammation (12%-16%), nail changes (10%-29%), hair modifications (9%), pruritus (8%-35%), xerosis (7%-35%), and skin hyperpigmenation. 1, 4, 6, [9] [10] [11] [12] [13] [14] Similar dTs, such as hand/foot skin reaction (HFSR), seborrheic dermatitis-like rash, scalp dysesthesia, xerosis, and mucositis, are seen with sorafenib, sunitinib, and other inhibitors of the vascular endothelial growth factor receptor, but the spectrum of cutaneous adverse effects is less pronounced than with EGFR inhibitors. [15] [16] [17] [18] [19] Dermatologic toxicities are noteworthy because of their relatively high frequency, effect on patient quality of life (QOL), effect on adherence, increased risk of infections, and effect on cancer therapy dosing. 1, 4, 5, 8, [20] [21] [22] [23] Management of such adverse effects is paramount to maintain dose intensity and QOL. 3, 8 This study seeks to evaluate selected tangible resource costs associated with the diagnosis and treatment of dTs induced by 7 molecularly targeted agents.
clinic at the Northwestern University Department of Dermatology, Chicago, Illinois, between November 1, 2005, and June 30, 2008 . This is a referral clinic for dTs of cancer therapies. All the patients were seen by the same dermatologist (M.E.L.) after the onset of cutaneous toxic reactions. They were treated per standard of care with appropriate workup and treatment, depending on the severity and type of dT present. The medical records of 132 patients were reviewed to evaluate the costs of dT management.
All the patients were diagnosed as having 1 primary cancer type ( Table 1 ) and were treated with 1 molecularly targeted agent ( Table 2) . Cancer types having less than 5 patients were grouped into the "other" category. For this study, all costs are standard billable costs to the patient as obtained from the Medicare Physician Fee Schedule for outpatient services in effect at the time of the study. Costs for dT-related medications, clinic visits, laboratory and diagnostic testing, and therapeutic procedures were recorded. Laboratory and diagnostic testing included blood testing (ie, complete blood cell count with differential cell count), culture and sensitivity (ie, wound), biopsy, and imaging (ie, magnetic resonance imaging of finger). Medication costs for management of dTs were determined using the average wholesale price in the Red Book 2008 24 and a 1.4 multiplier to reflect billable costs to patients.
Management of dTs varied on a case-by-case basis. Topical medications (in a cream, lotion, ointment, gel, shampoo, or therapeutic tape formulation) included antibacterial, antiinflammatory, antipruritic, anesthetic, retinoid, keratolytic, moisturizing, and hair growth-stimulating agents. Oral medications included antibacterial, anti-inflammatory, antipruritic, retinoid, and pain-alleviating agents. Therapeutic procedures included lesion destruction (ie, cryotherapy), nail plate avulsion, nail debridement, and incision and drainage of abscess.
Information collected from medical records included age, sex, race (when available), Fitzpatrick skin type (I-VI), cancer type, targeted drug, total number of visits to the SERIES clinic in the study time frame, type of dT, and dT severity grade (0-3) (National Cancer Institute Common Toxicity Criteria for Adverse Events, version 3.0).
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STATISTICAL ANALYSIS
Descriptive statistics include counts and percentages, medians, interquartile ranges (25th-75th percentiles), and ranges. Owing to the skewed nature of cost to treat, analyses of cost data are based on medians (Kruskal-Wallis or Friedman tests). In addition, medians reflect what might be a typical cost per individual because it is less sensitive to outliers (ie, from individuals who had no dT [and no cost] or from individual treatments incurring unusually high costs). In instances in which sample sizes prohibited testing, medians are presented without further formal testing. Additional analyses of independent data, including count data, are based on 2 tests or Fisher exact tests, depending on sample size restrictions. Moreover, related count data (such as dT events by drug) were analyzed using the Cochran Q test.
RESULTS
A total of 132 patients were evaluated (Tables 1 and 2 ). The median cost for dT diagnosis and treatment was $1920 per patient (range=$21-$10 912), with a median cost per visit of $674 (range=$21-$8451) ( Table 3 ). The median costs by category of treatment were as follows: medications ($844), clinic visits ($796), laboratory and diagnostic testing ($435), and therapeutic procedures ($316). The Figure depicts these costs as related to targeted drug.
FREQUENCY OF dTs AND COSTS OF TREATMENT BY TARGETED DRUG
The frequencies of the following dTs as related to each drug were analyzed: acneiform eruption, pruritus, xerosis, HFSR, alopecia, paronychia and nail changes, seborrheic dermatitis/sebopsoriasis, mucositis/stomatitis/ cheilitis, infection, and other dTs, including cutaneous dyspigmentation, cutaneous benign lesions, purpura and livedo reticularis, telangiectasias, dry eyes, oral dysethesia/ thrush, and urticaria.
ERLOTINIB
In patients treated with erlotinib, the most common dT was acneiform eruption (98%), followed by xerosis (74%) and pruritus (50%). In patients who developed acneiform eruption (n = 41), most were grade 2 (54%). Toxicity grading of acneiform eruption differed significantly among the 7 targeted drugs (P = .03). Grade 3 was the most costly acneiform eruption to treat by grade of severity (median cost=$2305). The median cost and median cost per visit for patients treated with erlotinib are summarized in Table 3 . The following median costs were noted: medications ($823), clinic visits ($760), laboratory and diagnostic testing ($180), and therapeutic procedures ($0) (Figure) . A median cost of $0 indicates that only a few patients treated with erlotinib had a therapeutic procedure cost, and this skewed the results to indicate a median cost of $0.
CETUXIMAB
In patients treated with cetuximab, the most common adverse effects were acneiform eruption (97%), xerosis (74%), and paronychia and nail changes (41%). Grade 2 was also the most common dT grade (45%) in those with acneiform eruption. The median cost and median cost per visit in patients treated with cetuximab are summarized in Table 3 . The following median costs were noted: medications ($813), clinic visits ($650), laboratory and diagnostic testing ($180), and therapeutic procedures ($0) (Figure) .
SORAFENIB
In patients treated with sorafenib, the most common dT was HFSR (93%), followed by acneiform eruption (80%) and mucositis/stomatitis/cheilitis (33%). Of those who developed HFSR (n = 14), most were grade 3 (43%). The median cost and median cost per visit are summarized in Table 3 . Sorafenib was associated with the most costly overall median cost per patient (cost for medications, clinic visits, laboratory and diagnostic testing, and therapeutic procedures) (median, $2509 per patient) (P=.35) and the highest median cost per visit ($828 per patient) ( Table 3 ). The following median costs were noted: medications ($1672), clinic visits ($796), and laboratory and diagnostic testing ($90) (Figure) . No patients underwent therapeutic procedures.
LAPATINIB
In patients treated with lapatinib (n=13), the most common adverse effect was acneiform eruption (85%), followed by xerosis (54%) and pruritus (31%). For acneiform eruption (n = 11), most were grade 2 (64%). The median cost and median cost per visit in patients treated with lapatinib are summarized in Table 3 . The following median costs were noted: medications ($528), clinic visits ($796), laboratory and diagnostic testing ($523), and therapeutic procedures ($0) (Figure) .
PANITUMUMAB
In patients treated with panitumumab, the most common dT was acneiform eruption (100%), followed by xerosis (82%) and paronychia and nail changes (45%). With acneiform eruption (n=11), the most frequent grade was 3 (36%). The median cost and median cost per visit in patients treated with panitumumab are summarized in Table 3 . The following median costs were noted: medications ($1072), clinic visits ($796), laboratory and diagnostic testing ($180), and therapeutic procedures ($0) (Figure) .
SUNITINIB
Patients treated with sunitinib most commonly experienced HFSR (57%), followed by seborrheic dermatitis/ sebopsoriasis (43%) and xerosis (29%). Of the 4 patients who developed HFSR, 50% developed grade 2 and 50% developed grade 3. The median cost and median cost per visit are summarized in Table 3 . The following median costs were noted: medications ($1091), clinic visits ($796), laboratory and diagnostic testing ($613), and therapeutic procedures ($0) (Figure) .
IMATINIB
In patients treated with imatinib, the most common adverse effects were acneiform eruption (60%) and pruritus (60%). The median cost and median cost per visit are summarized in Table 3 . Imatinib was associated with the least costly overall median cost per patient (cost for medications, clinic visits, laboratory and diagnostic testing, and therapeutic procedures) ($1263 per patient) among all targeted therapies. The following median costs were noted: medications ($700), clinic visits ($528), and laboratory and diagnostic testing ($523). No patients underwent therapeutic procedures (Figure) .
COSTS FOR MEDICATIONS AS RELATED TO TREATMENT OF dTs BY TARGETED DRUG
The median cost for medications used in the treatment of each dT was compared and analyzed by targeted drug. This analysis includes all patients taking each drug, so comparisons entail the probability of dT, as well as the cost to treat the dT, should it occur. Minimum and median costs of $0 are indicative of patients who did not experience the dT of interest.
A total of 117 patients (89%) developed an acneiform eruption. The median cost for treatment of acneiform eruption with medications was $279 (range=$0-$7553) (P Ͻ.001). Acneiform eruption associated with panitumumab had the greatest median cost for medications ($933, range = $30-$2232), whereas sunitinibassociated acneiform eruption had the lowest median cost for medications ($0, range=$0-$651). The median cost of HFSR differed across all targeted drugs (P Ͻ .001).
ARCH DERMATOL/ VOL 147 (NO. 12), DEC 2011 Sorafenib was associated with the most-costly-to-treat HFSR (median cost = $968, range = $0-$3189), and lapatinib combined with capecitabine and imatinib induced HFSR with a median cost of treatment of $0 (range = $0-$479 for lapatinib and range = $0-$208 for imatinib).
Of all dTs associated with EGFR inhibitors (erlotinib, cetuximab, lapatinib, and panitumumab), acneiform eruption represented the greatest median cost for medications ($473, $271, $63, and $933, respectively) (PϽ.001). Of all dTs associated with imatinib, pruritus had the greatest cost for medications at a median cost of $74, although this was not significant (P=.06). Of all dTs associated with sorafenib and sunitinib, HFSR had the greatest cost for medications at a mean cost of $968 (PϽ .001) and $619 (P = .03), respectively.
FREQUENCIES OF dTs AS RELATED TO DRUG GROUP OR CLASS
When the 7 targeted therapies were grouped as monoclonal antibodies (cetuximab and panitumumab) or tyrosine kinase inhibitors (erlotinib, imatinib, lapatinib, sorafenib, and sunitinib), differences between the 2 groups were noted. The following dTs were more common among monoclonal antibodies than among tyrosine kinase inhibitors: acneiform eruption (P=.008), xerosis (P=.007), and paronychia and nail changes (P=.02). An HFSR was more common among tyrosine kinase inhibitors than among monoclonal antibodies (P Ͻ.001).
COMMENT
Dermatologic toxic reactions associated with molecularly targeted agents occur frequently (in Ͼ50% of patients) and are characterized by papulopustular eruption/ acneiform eruption, xerosis, pruritus, erythema, paronychia and nail changes, hair modifications, infections, and HFSR. 1, 7, 8 These dTs can negatively impact QOL and may result in EGFR inhibitor dose modification, interruption, or discontinuation. 5, 8, 23 Awareness of these toxic reactions and the economic burden that they pose is of paramount importance, especially because these agents are being tested in adjuvant settings and their use is expanding. 26 Furthermore, preemptive skin treatment with moisturizers, sunscreen, topical corticosteroids, and oral antibiotics may reduce specific grade 2 or greater skin toxic reactions and improve QOL in patients treated with EGFR inhibitors. 8, 27 The present study found that dTs associated with sorafenib were the most costly to treat, possibly owing to a relatively high incidence of HFSR and the usual need for pain control, an important factor affecting these patients' QOL. 18, 28, 29 The incidence of HFSR has been reported to be higher with sorafenib (10%-62%) than with sunitinib (10%-28%). 18, [30] [31] [32] This finding was also demonstrated in the analysis in that 93% of patients treated with sorafenib and 57% of patients treated with sunitinib presented with HFSR. In this study, 3 patients treated with lapatinib and 1 treated with imatinib also developed HFSR. This could be explained by concurrent treatment with other agents that are known to induce HFSR, such as capecitabine,. 33 Furthermore, HFSR has also been reported in less than 1% of patients undergoing lapatinib monotherapy. 33 A class effect of toxicities is suggested by the similar spectrum of events observed with monoclonal antibodies and tyrosine kinase inhibitors. 34 The incidence of acneiform eruption has been reported to be higher in patients treated with monoclonal antibodies. 35, 36 The present findings are concordant in that 98% of patients treated with monoclonal antibodies developed acneiform eruption in contrast to 83% of patients treated with the other 5 targeted therapies (P=.008). A seborrheic dermatitis-like rash has been reported in patients treated with multikinase inhibitors. 32 We found that 43% of patients (n=3) treated with sunitinib and 20% of patients (n=3) treated with sorafenib developed seborrheic dermatitis/sebopsoriasis (P = .04). Another example of a class effect with the multikinase inhibitors is HFSR, described previously herein. These class effects should alert physicians to the anticipated adverse effects of a specific targeted drug and provide a rationale for patient education and prophylactic therapies that may mitigate such dTs.
Acneiform eruption is known to commonly occur in patients receiving targeted therapy. The present study found this dT to be present in 89% of patients. The higher frequencies of dTs, such as paronychia and xerosis, in the present study compared with previous studies are likely due to the selected patient population because these patients had been referred to the SERIES dermatology specialty clinic after they developed cutaneous toxic reactions. It is also possible that dTs (especially mild) may have been underreported in previous studies. 17 Furthermore, differences may also be explained by the use of variable dosing of molecularly targeted therapies. 17 We did not include drug dosing as one of the study variables, although a dose-dependent effect on dTs has been well described. 37 The National Cancer Institute Common Toxicity Criteria for Adverse Events scale has several limitations, including being unable to assess the degree of functional (clinical and psychosocial) impairment secondary to dTs. 7 Furthermore, differences in the definition and grading of dTs make it difficult to compare the incidence and severity of dTs associated with different inhibitors. 37 Other limitations of the study include clinic visits for some of the study patients that occurred outside of the study time frame (before November 1, 2005, or after June 30, 2008) that do not generate study data. In addition, because it is a cross-sectional study, many of the cancer types and treatment drugs have limited sample sizes, which reduced the power if not the possibility of any stringent cost comparisons. Finally, we excluded concurrent medications and therapies in the study analysis, and these may affect the development and severity of dTs.
To our knowledge, this study is the first to report the economic burden of diagnosing and treating dTs that have a significant financial impact in the management of patients with cancer. Increased awareness and early treatment of these toxic reactions are required to decrease health care costs, minimize interruption of therapy, and improve patient QOL and outcome. As cancer therapy
